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I~OWCTION 

There are  many considerations i n  the select ion of t he  gaseous environ- 
ment f o r  a manned spacecraft. 
categories; engineering considerations and physiologic considerations. 
Ideally, t h e  optimum spacecraft atmosphere, from a physiologic point of view, 
would be one which simulated normal or near normal sea l eve l  conditions. 
Since the  present state-of-the-art has not advanced suf f ic ien t ly  t o  cope 
with the  weight and volume penalty imposed by maintaining such an atmosphere, 
and since spacecraft decompressions cannot be precluded, compromises must 
be made which r e su l t  i n  t he  select ion of a spacecraft atmosphere t h a t  i s  not 
t h e  optimum from all considerations, but which i s  adequate from prac t ica l  
considerations. The purpose of this paper i s  then: 
considerations involved i n  the  selection of a spacecraft atmosphere, (2) t o  
describe t h e  required investigations t o  val idate  t h e  selected atmosphere, 
(3) t o  discuss the  implications derived from the  results of these investigations 
with comments as t o  indicated areas of future study, and (4) t o  present t he  
overa l l  National Aeronautics and Space Administration (NASA) sponsored 
programs i n  this area.  

Generally, these can be divided in to  two 

(1) t o  discuss the  

A!lMOSPKERE SELECTION CONSIDERATIONS 

The prime design requirements i n  any spacecraft system are shown i n  
figure 1. From an engineering standpoint, necessary equipment must be 
provided i n  the  minimum volume with a minimum of weight. 
w i l l  a f f e c t  both the  volume and weight of a system, it must be maintained t o  

Since power usage 
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a minimum. 
r e l i a b i l i t y  factor.  A s  the  mission time increases ,  the system must allow 
the  crewman t o  perform in-f l ight  maintenance and r epa i r .  
have the capabi l i ty  of withstanding both the  na tura l ly  occurring and the  
induced environmental conditions of space f l i g h t ;  t h a t  is, vacilum, acceler- 
a t ion ,  heat, v ibrat ion,  e t  cetera .  Last, the  system must in tegra te  with other  
spacecraft  systems t o  allow usage of common supplies and t o  serve more than one 
purpose . 

System r e l i a b i l i t y  must be provided t o  meet the  overall mission 

The systems must 

I n  Project Mercury, a 100-percent oxygen, 5-psia spacecraft  atmosphere 
was selected.  Although such physiological considerations a s  maintaining an 
adequate oxygen p a r t i a l  pressure and protection against  decompression sickness 
were examined, the decision t o  use t h i s  atmosphere was based primarily on en- 
gineering considerations s imilar  t o  those previously described. 

A comparison of t he  advantages and disadvantages of a s ingle  gas, t h a t  
is', 100-percent oxygen atmosphere, w i t h  a two-gas atmosphere i s  shown i n  
f igure 2. From an engineering standpoint, the  s ingle  gas, 100-percent owgen 
a t  5 psia ,  o f fe rs  advantages i n  minimizing weight and leakage, i n  system 
simplici ty  and r e l i a b i l i t y ,  and i n  the  extravehicular s u i t  interface.  From 
physiological considerations, it can be seen t h a t  the mixed gas atmosphere 
has advantages of of fe r ing  protection against  dysbarism and a t e l ec t a s i s ,  
whereas the single gas atmosphere does afford greater  decompression protection. 
Although igni t ion  temperature a s  well  a s  burning r a t e s  a re  improved by a multi- 
ple  gas atmosphere, the f i r e  hazard reduction i s  not considered operationally 
s ign i f icant  i n  currently planned spacecraft. Therefore, the a s t e r i sk  denoting 
the  advantage i s  enclosed i n  parentheses t o  indicate  the questionabili ty.  A 
f i r e  i n  any atmosphere within a spacecraft i s  a very serious matter, and it i s  
for  t h a t  reason t h a t  emphasis on fire prevention has become a primary consider- 
a t ion  i n  design. 

There a re  other considerations, both engineering and physiological, 
which have not been covered; however, only those considerations of major 
concern have been discussed. 

PHYSIOLiWIC VALIDATION OF ATMOSl?HEF@S 

figure 2 shows tha t  from a physiological standpoint the grea tes t  unknown 
associated with the select ion of a mixed gas, 50-percent oxygen - 50-percent 
nitrogen, 7-psia atmosphere was t h a t  of determining the poten t ia l  decompres- 
sion hazard which e x i s t s  i n  the event of an inadvertent decompression. Ac- 
cordingly, a NASA contract  was awarded the U.S. A i r  Crew Equipnent Laboratory 
(ACEL) , F'hiladelphia, Pennsylvania, for the  invest igat ion of  t h i s  po ten t ia l  
decompression hazard associated i n  u t i l i z ing  t h i s  mixed gas atmosphere. 
Tests were conducted t o  determine the required t i m e  of preoxygenation a t  
sea l eve l  t o  provide adequate protection against  bends i n  the event of an 
ear ly  mission decompression and whether protection against  bends can be 
achieved following a decompression a f t e r  equi l ibrat ion t o  the subject 
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.. 
50-percent oxygen - ?&percent nitrogen, 7-psia atmosphere. 
t h i s  investigation (reference 1) indicated: 

The results of 

1. That 3 hours of preoxygenation at  sea l eve l  can provide adequate 
protection against  the  onset of bends following a decompression 

' i n  40 seconds from sea l eve l  t o  an a l t i t u d e  of 35,000 f e e t .  

2. That without any preoxygenation, 18 hours exposure t o  the  7-psia, 
50-percent oxygen - ?&percent nitrogen atmosphere i s  adequate 
t o  afford protection against bends following a decompression from 
t h i s  subject atmosphere t o  an a l t i t ude  of 35,000 feet i n  1 minute. 

3. That some screening as t o  individual suscep t ib i l i t y  t o  bends be 
incorporated i n t o  the  astronaut se lec t ion  program. 

The grea tes t  physiological unknown associated with the  100-percent 
oxygen, 5-'psia atmosphere was  t h a t  of the poten t ia l  hazard of a t e l ec t a s i s .  
It has been generally accepted t h a t  pure oxygen at  low pressures (190-160 mm Hg) 
would present no pulmonary oxygen tox ic i ty  problem; however, investigations 
were required t o  determine t h e  need of an i n e r t  gas i n  any a r t i f i c i a l  
atmosphere. Accordingly, a comprehensive atmosphere val idat ion program w a s  
developed by the  NASA Manned Spacecraft Center i n  cooperation with the  
National Academy of Sciences Working Group on Gaseous Environment. 
i ndus t r i a l  and Department of Defense laborator ies  were u t i l i zed  i n  the program. 
Figure 3 summarizes the  e n t i r e  program. 
Aerospace Medicine (SAM) carr ied out three invest igat ions with the  lobpe rcen t  
oxygen, 5-psia atmosphere i n  which s i x  subjects were t e s t ed  (references 2 and 3) a 

Republic Aviation Corporation was awarded a contract  t o  study four groups of 
s i x  subjects each exposed t o  7.4-psia, 5-psia, and 3.8-psia pure oxygen 
atmospheres, as well  as a control t e s t  a t  sea l e v e l  conditions (reference 4 ) .  
In  addition, a j o i n t  project  involving the  U.S. N a v y  A i r  Crew Equipment 
Laboratory (ACEL) and the  U.S. Navy Aviation Medical Acceleration Laboratory 
(AMAL) w a s  established t o  s tudy  the  combined e f f ec t s  on t e s t  subjects of 
accelerat ion and a 14-day exposure t o  a 100-percent oxygen atmosphere at  
5 ps ia  (reference 5 ) .  

Both 

A s  can be seen, the  USAF School of 

In  the  three investigations conducted under t h i s  program, s imilar  
experimental protocol, instrumentations, and methods were u t i l i zed .  In  
these experiments, emphasis w a s  placed on: 
occurs i n  man during continuous exposure t o  pure oxygen at  decreased pressure, 
and (2) i f  a t e l ec t a s i s  does occur, t o  determine t o  w h a t  degree, i t s  r a t e s  of 
development and recovery, and whether the condition can be reversed by 
predetermined respiratory maneuvers. Physiologic assessment of any physical. 
a lveolar  collapse w a s  obtained primarily through measurement of a r t e r i a l  
p02 and pC02, pulmonary function tes t ing,  and chest X-ray examination. 

addition t o  the  s tudies  j u s t  described, cardiopulmonary studies,  measurements 
relative t o  rena l  function, microbiological studies,  performance studies,  
v i sua l  studies,  and many others were performed i n  most, i f  not a l l ,  of t he  
invest igat ions.  

(1) determining whether a t e l ec t a s i s  

I n  
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.. 
These investigations a re  complete and the  r e su l t s  are presented i n  the  

papers which follow; therefore, no attempt will be made t o  discuss the  
r e su l t s  i n  d e t a i l .  Briefly, hovever, t h e  r e s u l t s  ~f these inves t iga t ims  
did indicate  tha t ,  i n  general, the  100-percent oxygen, 5 p s i a  atmosphere was 
well to le ra ted  by a l l  subjects f o r  a 14-day period. 
difficulties similar t o  those expected from oxygen tox ic i ty  were evidenced i n  
a l l  invest igat ions.  These symptoms were r e s t r i c t e d  t o  eye i r r i t a t i o n ,  

study made by t h e  Republic Aviation Corporation, some unexpected ur inary and 
hematological findings .were encountered and a re  de ta i led  i n  rei'erence 4. I n  

A the  ACELAMAL investigation, a l te ra t ions  i n  the  subjects '  peripheral  vis ion 
were evidenced during night adaption a f t e r  they were returned t o  sea l e v e l  
atmospheres from the  t e s t  atmosphere. The in te rpre ta t ion  of significance 
of a l l  these physiologic a l te ra t ions  has not been f u l l y  determined. 

Transient, minor 

' coughing, substernal d i s t ress ,  and aural  a t e l ec t a s i s .  I n  addition, i n  t h e  

During the  performance of t h i s  atmosphere val idat ion program, two f i r e s  
occurred: 
ACEL-AMAL t e s t  on the  17th day of a 20-day exposure tes t .  
duration of t h i s  invest igat ion w a s  a r e su l t  of the  s i x  subjects '  entering 
t h e  chamber on successive days. These f i r e s  demonstrated the  expected 
hazard i n  using a pure oxygen atmosphere and the  need f o r  a careful  
screening of materials and electr ical .  system designs and in s t a l l a t ions .  

one at the  SAM on the 13th day of a 14-day t e s t ,  and one at  the  
The 20-day t o t a l  

IMPLICATIONS DERIVED FROM THE RESULTS OF TKE A T M O S m  
VALIDATION PROGRAM 

A 100-percent oxygen, 5-psia atmosphere had been selected by the  NASA 
f o r  use i n  the  Gemini and Apollo missions. 
program described was conducted f o r  purposes of assessing the physiologic 
compatibility of this atmosphere fo r  the ant ic ipated mission of 14 days 
duration. The r e su l t s  of t h i s  program demonstrate t h a t  the subject 
atmosphere i s  generally well to le ra ted  for  a 14-day period. 
and as  yet unanswered abnormal urinary, hematological, and v isua l  f indings 
do not of themselves preclude the  use of this atmosphere f o r  the  mission 
durations t e s t ed .  These abnormal findings, however, may represent prohibi t ing 
f ac to r s  i n  the use of t he  100-percent oxygen, 5-psia atmosphere i n  missions 
of longer duration. 

The atmosphere val idat ion 

The unexpected 

A s  a r e s u l t  of the  atmosphere selection s tudies  t o  date, two areas of 
needed research demonstrate themselves. F i r s t ,  an investigation should be 
made of t h e  100-percent oxygen, 5-psia atmosphere during exposure t e s t s  of 
longer duration (30 days) w i t h .  special  emphasis on those findings which 
appeared abnormal or  questionable i n  the previous s tudies .  Second, an 
invest igat ion should be made of the  use of other i n e r t  gases such a s  helium 
i n  a two-gas l i f e  support system. 

The f i r e s  t h a t  occurred during t h e  atmosphere val idat ion program 
demonstrated t h e  known hazard of a pure oyygen atmosphere; however, it should 
be pointed out t h a t  t he  inclusion of an i n e r t  gas i n  any spacecraft atmosphere . 
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does not eliminate the serious problem of poten t ia l  Spacecraft f i r e s .  
other words, any habitable atmosphere w i l l  support combustion. A s  shown i n  
figure 4, three fac tors  a re  generally required t o  produce a fire: 
containing atmosphere, a combustible material ,  and an ign i t ion  source. The 
answer t o  the f i r e  hazard problem then appears t o  be one of d i l i gen t  e f f o r t  on 
the part of the spacecraft designers t o  be aware o f  the f i re  problems and t o  
exercise s t r i c t  control of both potent ia l  ign i t ion  sources and mater ia l  
Select ion. 

In  

an oxygen- 

. 
Additional programs are  current ly  being conducted t o  develop materials 

specif icat ions which w i l l  provide tes t ing  procedures t o  determine poten t ia l ly  
hazardous materials,  t o  determine tox ic  products, and t o  permit a rigorous 
screening of materials for  spacecraft applications.  Exposure t e s t s  of longer 
than 1 4  days t o  a r t i f i c i a l  atmospheres have been scheduled. 
t e s t s  w i l l  extend the knowledge of the physiological e f f e c t s  of a 100-percent- , 

oxygen environment as well as the comparative e f f e c t s  of several  gas mixtures. 
Effects  which appeared during the 14-day s tudies  w i l l  be fur ther  elucidated 
and investigated during these exposure t e s t s  of longer duration. 

These exposure 

Finally,  there has been conjecture in  the  past  that two-gas atmospheres 
a re  somehow t o  be preferred over pure oxygen atmospheres i n  spacecraft. 
Factual knowledge is  inadequate t o  allow a debate of t h i s  question. 
ra ther  broad limits, e i t h e r  can be acceptable, but it has not been demonstrated 
t h a t  e i t h e r  i s  preferable. If, fo r  long duration missions, a two-gas . 
atmosphere were selected,  it is  s t i l l  probable that pure oxygen would be the 
backup o r  emergency mode. This i s  the rat ionale  for  the continuing i n t e r e s t  
i n  pure oxygen atmospheres. 

Within 

SUMMARY 

The NASA Manned Spacecraft Center has been ac t ive ly  involved i n  the 
d i rec t ion  and support of programs leading t o  the select ion and va l ida t ions  
of the atmosphere fo r  forthcoming Gemini and Apollo missions. 
discusses the  engineering and physiologic considerations involved and 
describes the  invest igat ions t o  val idate  spacecraft atmospheres. The 
implications derived *om the r e s u l t s  of these invest igat ions are discussed 
together with indicated areas of f i t u r e  study. 

This paper 
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